CLAIMS 



(57) [Claim(s)] 

[Claim 1]Chem»caj formula : A compound expressed with AB ^however A 
MnCoMoCrNbVCuFenickeiWTiZrTaand Re (rare earth element) from - it is one 
sort or two sorts or ..more of elements 

CgermaniumSnP 

presentation which constitutes a compound which is 1.7<-X<-2.3it dissolves at 
temperature of a before [ from iiquidus temperature in a phase equilibrium 
diagram of this compound / Iiquidus temperature+500 ** ]A manufacturing 
method of a negative pole material for lithium ion secondary batteries performing 
heat treatment which is heated again and held at temperature not more than 
solidus-line-10 ** after making it solidify with a cooling rate at not less than 100 
*7sec and cooling to temperature below the solidus line. 
[Claim 2]A manufacturing method of the negative pole material for lithium ion 
secondary batteries according to claim 1 which performs said coagulation with an 
atomizing methoda chill roll methodor a rotational electrode process. 
[Claim 3]Chemical formula: A compound expressed with ABxho wever A 
MnCoMoCrNbVCuFenickelWTiZrTaand Re (rare earth element) from - it is one 
sort or two sorts or more of elements chosen from a group which changesand 
BThey are one sort or two sorts or more of elements chosen from Si and Si and 
CgermaniumSnFbatuminumand a group that comprises PAnd a manufacturing 
nM^od^^^ 

heat treatment held at temperature not m 

metal simple substance or after alloy powder which constitutes a compound 
wNch is 1 7<=X<=2 3 and making the compound concerned generate using the 
mechanical alloying method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the manufacturing method of the 
negative pole material for lithium son secondary batteries. 
Service capacity is high in more detail and it is related with the manufacturing 
method of the negative pole materia! for lithium ion batteries which is excellent in 
a cycle characteristic. 

[0002] 

[Description of the Prior ArtJDeveiopment of the rechargeable battery of new 
modelssuch as nickel-hydrogen cell and a lithium ion batten/prospers with the 
spread of portable small electrical and electric equipment. It is a cell which a 
lithium ion battery uses lithium as negative electrode active materialand uses a 
nonaqueous solvent for an electrolysis solution in such a rechargeable battery, 
[0003]Since lithium is very a less noble metaland high tension can be taken out 
and it becomes a cell with a high energy densitythe lithium ion battery has 
already been used for the present large quantity as a primary cell. 
Thereforeusing a lithium ion battery also as a rechargeable battery is expected. 
[0004]Howeverif metal lithium is applied to a rechargeable batteryin order for 
lithium to grow in the shape of a dendriteto penetrate the separator which is an 
insulator from a negative electrode and to connect with an anode too hastily by 
repetition of charge and dischargethere was a fault that the cycle life of a 
repetition of charge and discharge was short. 

[0005]As one means to solve the problem of a rechargeable battery of having 
used such metal lithium for negative electrode active materiaiCarbonaceous 
material which can do occlusion and discharge of a lithium ion (example: natural 
graphitean artificial graphitepetroleum cokea resin baking bodycarbon 
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fiberpyrolytic carboncarbon blacka mesophase microspherebuik mesophaseetc.) 
Using as a negative pole materia! was proposed. For exampleJP57- 
208079AJP4-H5458Aa 5-234584 gazettea 5-307958 gazetteetc. 
[0006]With the lithium ion secondary battery which constituted the negative 
electrode from this carbonaceous materialthe reaction in the negative electrode 
at the time of charge and discharge is a lithium ion, (Li + ) Carbon (black lead) It 
only goes in and out between layers. That isat the time of chargeit is occlusion to 
the carbonaceous material of the negative electrode which the electron was sent 
into the carbonaceous material of the negative electrodecarbon was charged in 
negativeand the lithium ion by which occlusion was carried out to the anode 
****edand was charged in negative, (intercalation) it is carried out. On the 
contrarythe lithium ion by which occlusion was carried out to the carbonaceous 
material of the negative electrode at the time of discharge ****s. (deintercalation) 
ft carries out and occlusion is carried out to an anode. A deposit with the negative 
electrode of metal lithium can be prevented by using such a mechanismand the 
problem of negative-electrode degradation by the deposit of a dendrite can be 
avoided. 

[0007]Howeverwith the lithium ion secondary battery used for the negative 
electrodethe above carbonaceous materials. Since there are few occlusion of the 
lithium ion in a negative electrode and burst sizesthe thing of the graphite 
material of high crystallinity with a large occlusion amount of a lithium ion in 
service capacity being small from the beginningEven if initial service capacity is 
high It is the structure (graphite structure) of carbonaceous gradually by repetition 
of charge and discharge. Degradation and disassembly of the solvent in 
nonaqueous electrolyte take placeand it is the coulomb efficiency [(service 
capacity/charging capacity) xlOO <%>] of 1 cycle eye. In order to fall 
extremelythere was a fault of consuming excessive quantity of electricity. Since 
expansion and contraction of the lattice body product by receipts and payments 
of a lithium ion were performed repeatedlythe crack produced the thing of high 
crystallinity in the negative pole materialand there was a fault that the cycle 



95981 8/D/1 



characteristic as a cell was not excellent. 

[0008]The method of using an intermetailic compound for the host materia! of a 
lithium ion instead of this carbon material was recently proposed. 
FeSt2YSt2MoSi2etc. are mentioned to these intermetatlic compoundslt 
improvedso that service capacity exceeded theoretical capacity 372 mAh/g which 
a black lead system carbon material has by using theseand the coulomb 
efficiency of 1 cycle eye improved because the irreversible capacity produced by 
the reaction of an electrolysis solution falls. Refer to JP7-240201AJP5- 
159780Aand JP9-63651A. 
[0009] 

[Problem (s) to be Solved by the InventionjThe purpose of this invention is to 
provide the manufacturing method of the neg ative pole material f or lithium ion 
secondary batteries which was further excellent in the coulomb efficiency of 
service capacity and 1 cycle eye. 
[0010] 

[Means for Solving the ProblemjHerewhen producing a charge of lithium ton 
secondary battery material herehere this invention persons were uniform and 
found out that a negative pole material for lithium ton secondary batteries which 
was excellent in coulomb efficiency of service capacity and 1 cycle eye was 
obtained as a result by manufacturing material near single phase. 
[00l1]That iseven if it passes through a process of dissolving and casting simple 
substance metal of a predetermined presentation even if it iswhen using the 
conventional intermetaliic compounda single intermetallic compound with the 
above presentations is not obtained. With these presentation ailoysmany phases 
are revealed in an alloy at the time of coagulation cooling. That isit is not 
obtained as single phase. 

[001 2] For exampleif N\Sk is mentioned as an examplean alloy of a presentation 
of NtSt2 will be dissolvedif it solidifies with a cooling rate at 30 *7sec from a 
molten statea primary phase of Si is revealedand will grow and the composition 
phase will be in the three-phase-circuit mixed state of NiSisSiand NiSi. When a 
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NiSi phase is mixingand sites which store lithium compared with a time of being 

NiSia phase single phase decrease in numberservice capacity decreases. When 

Si depositsin order for lithium to react to Si and to generate a LiSi 

ailoy irreversible capacity becomes largeand coulomb efficiency decreases 

sharply, 

[001 3]lt heat-treats In order to uniform an alloy which consists of these 
compound phases [ like ]and heat treatment of 100 hours or more is needed** is 
seen industhailyand it is disadvantageous. If FeSi2 is furthermore taken for an 
examplein the usual production meansatphaFeSia made into the purpose is not 
obtained but it wilt be in betaFeSi- and a mixed phase state of a FeSi phase. 
(0014jThuswhen making the above-mentioned sificide generatea single 
compound is not obtained by a method of the usual dissolution -> casting.This 
invention is a chemical formula here. : A compound expressed with AB X is 
comprisedA composition phase is the single phase of ABs and A 
MnCoMoCrN bVCu Fenickel WTtZrTaand Re (rare earth element) from - one or 
more sorts of elements chosen from a group which changes. B uses Si as an 
essential element and is a manufacturing method of a negative pole material for 
lithium ion secondary batteries which are SiCgermaniumSnPbaluminumone or 
more sorts of elements chosen from a group which comprises Pand 1 J<=X<-2.3. 
[001 5]Namelyin order to manufacture this negative pole material for lithium ion 
secondary battehesMelt obtained by making into a perfect molten state 
substantially an alloy of a presentation which constitutes the above-mentioned 
compound is held at temperature between fiquidus temperature+500 ** from 
liquidus temperature in a phase equilibrium diagram of the compound 
concernedAfter making it solidify with a cooling rate at not less than 100 more 
*7sec and cooling even to temperature below the solidus linea negative pole 
material for lithium ion secondary batteries in which homogeneity and a 
composition phase comprise AB 2 single phase by performing heat treatment 
which is heated again and held at temperature not more than solidus-line-10 ** is 
obtained. 
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[001 6] As a casting method which realizes such a coagulation speedan atomizing 
methoda chill roll methoda rotational electrode processetc. are suitable, first - as 
the material for becoming a host of a lithium ion - 

M nCoMoCrN bVCu FenickelWTiZrTaand Re (rare earth element) from - silicide of 
one sort or two sorts or more of elements chosen from a group which changes is 
excellent. These absorb a lithium ion and have a site to store. A lithium storage 
site is extended and it may be made to make movement of a lithium ion smooth 
by replacing a site of Si by CgermaniumSnPbaluminumand at least one sort of 
elements of P. Howeverby heat-treating by enlarging a cooling rate at the time of 
coagulationfor producing these alloys as a designit is uniform andas a resultan 
alloy which is single phase is obtained. The further high capacity-ization has also 
been checked not only as improvement in high-capacity-izing and coulomb 
efficiency by haplosis but as a synergistic effect. 

[OOUjAlthough this cause is not cleara crystal grain diameter becomes small 
according to a rapid cooling effectand it is thought that it is for a site which lithium 
stores also In a grain boundary to produce. It is thought that degradation of a 
cycle which originates in expansion of a lattice body product with absorption and 
discharge of lithium because there is much grain boundary can also be pressed 
down. 

[001 8] Apart from a process of rapid solidification -> heat treatmenteven if it used 
the mechanical alloying methodit found out that an alloy which are homogeneity 
and single phase was obtained. If mechanical alloying is continued for a long 
timesingle phase of presentation metal will be mixed uniform lyand moreoverthe 
particle diameter will become very detailed. While a lattice strain accumulated 
when heat treatment was added to this at temperature not more than solidus- 
line-10 ** is opened widein order that an alloy element may cause diffusion it 
becomes a uniform single phase alloy by short-time heat treatment comparatively. 
Improvement in high-capacity-izing and coulomb efficiency by haplosis same as 
the above was obtained also by this method. 

[00l9]According to this inventiona negative pole material for lithium ion 
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secondary batteries service capacityand whose coulomb efficiency of 1 cycle eye 
and cycle characteristic improved is obtained by producing a single phase alloy 
in this way. 
[0020] 

[Embodiment of the InventionjHereafterit explains in more detail about this 
invention, Rrstthe alloy of this invention is described about the reason limited as 
mentioned above. The alloy concerning this invention is a compound described 
by chemical formula:AB x A site -- MnCoMoCrNbVCuFenickeiWTiZrTaand Re 
(rare earth element) from - at least one sort chosen from the group which 
changesand B site are based on what is St. That isSi site of the above-mentioned 
siiicide may be replaced by at least one sort of CgermaniumSnPbaluminumand P. 
[0021]As mentioned abovethe above-mentioned siiicide is a compound which 
has a site which stores a lithium ion and absorbs a lithium ion at the time of 
chargei n which the reaction which emits a lithium ion at the time of discharge 
occurs reversibly and which can operate as a negative pole material. 
[0022]At this timeit is an X value of AB X . It is referred to as 1 ,7<=X<=2.3. At the 
time of X~ 2 it sees from a phase equilibrium diagram except Mnand with 2 
element-system alloy of CoMoVCuFenickeiWTiZrTaand Sisince it is a line 
compounda presentation alloy does not have a dissolution region, moreover -- 
although it has less than 1 % of dissolution region around the presentation of ABz 
when Cr and Pr occupy A site - X= 2 - an intermetallic compound is generated 
very much only on the outskirts. Since it has a dissolution region around Si-1.75 
when A site is Mn2 element-system alloy can also generate a single-phase 
intermetallic compound or more by 1.7. Since Ce and Nd have a several percent 
dissolution region similariya single-phase intermetallic compound can be 
generated in a wide composition range. That 

isCoMoNbVCuFenickelWTiZrTaCrand Pr do not become a single-phase 
intermetallic compound with 2 element-system alloy except X=2. Howeverwhen 2 
element-system alloy without a dissolution region also adds the 3rd eiementit 
becomes possible to use single phase in the range of ABu - AB2.3 with a 
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dissolution region. 

[0023jAithough it becomes a mixed phase of HiSk and NiSi after heat 
treatmenifor example at the time of NiSh.sThe dissolution and casting process 
which does not use the above rapid solidification (it usually abbreviates to a 
solution process below) It comparesthe rate of AB2 becomes very largeand it 
comprises parenchyma top AB2 single phaseand has the effect that the fail of the 
capacity by AB phase is pressed down to the minimum. If it is in this inventionit 
claims "A composition phase is A82 single phase" also including this case. 
[0024]HoweverX is 1.7. The following or when larger than 2.3haplosis becomes 
impossibieand service capacity becomes small when it uses as a negative pole 
material for lithium ion batteries. This tendency is the same even if the element 
which occupies A site is a simple substance of FenickelMnCoMoCrNbVCrand 
Wor a substitution solid solution which consists of the above-mentioned element. 
This tendency is the same even if the element which occupies B site is a 
substitution solid solution of Si by Si or CgermaniumSnPbaluminumand P. 
[0025]When these elements accomplish the substitution solid solution of Sithe 
composition ratio in particular does not Hmitbut as for the rate of C of B 
sitegermaniumSnPbaluminumand Pwhen these are set to MSi:M-1:0.2 - 1:0 are 
preferred. 

[0026]After such a negative-electrode metallic material for lithium ion secondary 
batteries concerning this invention dissolves substantially the suitable supply 
source of each alloy composing element simultaneously in a fusion furnace etc.it 
can be manufactured from a melt state by the arbitrary methods in which the 
coagulation by quenching with the cooling rate more than 100 *7sec is possible. 
[0027]The dissolution can be performed in inactive gas or a vacuum by suitable 
methodssuch as arc meltingthe piasma dissoiutionhigh-frequency induction 
heatingand resistance heating. At this iimethe molten metal needs to be in the 
perfect melt state substantially. When it melts and the remainder existsa 
possibility of stopping becoming that for which a uniform alloy is not not only 
obtainedbut alloy composition asks on the whole is high. 
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[0028]The coagulation of the obtained melt A gas atomizing methodan oil 
atomizing methoda water atomizing methodWhat is necessary is just to carry out 
by the arbitrary ways the cooling rate more than 100 *7sec(s)such as cast to the 
mold which brings about the effect of rapid solidification with the cast to a 
rotational electrode processcongruence chili roll methodsingle chill roil 
methodand rotating-drum topwater coolingetc.is realizable. 
[0029]When the cooling rate at the time of the coagulation from melt is less than 
100 *7secand the crystal grain diameter of the generation phase to reveal 
becomes large and homogenizes by next heat treatmentvery long time is needed 
and it becomes disadvantageous industrially. 

(0030jSince the cooling rates at the time of coagulation differit is necessary to 
cast near the liquidus line to obtain in the state with casting of a better alloyand to 
gather the speed of the moment of passing the liquidus iineaccording to the 
difference in this solidifying method. Thereforeit is liquidus temperature when a 
cooling rate is large. Although rapid cooling effect also with sufficient ******** j$ 
acquired at the temperature of the about [ 500 ** ] upper partwhen the cooling 
rate at the time of coagulation is a 100 *7sec gradeit is necessary to cast at the 
temperature about right above [ liquidus temperature ]. Of courseby 100 
*7secalso casting from the state of liquidus temperature+500 **since a rapid 
cooling effect is usually acquired rather than a solution processin the haplosis by 
heat treatmenta cooling rate becomes comparatively easy. 
[0031]Although a 1x10 5 **/sec grade has the largest cooling rate at a chill roll 
methodAt this timeit may **** at the temperature about liquidus temperature+500 
**and since atomizing methods are 1x10 3 - 1x10 4 *7seca below liquidus 
temperature+200 ** grade is the desirable degree of ******|n the case of the 
cooling rate of 100 *7sec so that according to casting to a water cooling moldthe 
liquidus temperature of about +50 ** or less is preferred. 
[0032]As the negative-electrode metallic material for lithium ion secondary 
batteries concerning this invention was shown aboveafter rapid solidification is 
polyphase dissociating. Since rapid solidification is carried outthe lattice strain by 
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quenching may occur. For this reasona crystalline lattice will be 
distorteddistortion will exist aiso in the site where lithium is stored between 
latticesthe occlusion of the lithium cannot fully be carried outand predetermined 
charging capacity may not be obtained. For these reasonsit is necessary to heat- 
treat in order to carry out hapiosis and lattice strain removal. This heat treatment 
can be performed by heat treatment in inactive gas or a vacuum. Howeverit is 
necessary to perform these heat treatments below at soiidus-iine-10 ** [ of an 
intermetallic compound ] temperature. If this temperature is exceededonce the 
intermetallic compound which quenched will dissoivesince annealing will be 
carried outa rapid cooling effect may not not only no longer be acquiredbut it may 
carry out polyphase separation further. 

[0033] if it is the temperature of less than solidus temperature theoreticallya rapid 
cooling effect is mairttainabiebut it is considered to be good to carry out to 
hapiosis at the temperature not more than soiidus-line-10 ** substantially from 
the accuracy of control of a heat treating furnace. Naturaliyaithough this 
temperature changes with alloy compositionit can ask for these easily using 
thermal analysis apparatussuch as DTA. if it considers that the temperature for 
opening the lattice strain produced by rapid solidification is required in the state 
with more than practical 500 ** -- the temperature with such preferred heat 
treatment temperature - 500 ** ~ solidus temperature- 10 ** is 500 **- solidus 
temperature-50 ** more preferably. As time excels it is betterbut is considered 
from an economical field and is 4 to 10 hours preferably. 
[0034]lt exists as a merit that heat treatment temperature is low and can be 
managed with the method of using rapid solidification and also using mechanical 
alloying, in mechanical alloyingafter throwing in the powder of a stainless steel 
ball and a presentation alloyor the powder of a composing element in 
containerssuch as a bail milluniformity and a compound with a fine crystal grain 
diameter are producible by filling a container with inactive gasor using a vacuum 
and rotating a container for a long time. The powder obtained by these 
techniques has a lattice strain like the alloy obtained by the above-mentioned 
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rapid solidification. And the distortion is very large compared with the former. 
[00353Thereforewhiie the lattice strain accumulated when heat treatment was 
added to this is opened widein order that an alloy element may cause diffusionit 
becomes a uniform single phase alloy by short-time heat treatment comparatively. 
Less than solidus-line-10 ** is required for heat treatment temperature like the 
above, desirable - the above - the same - 500 ** - soiidus temperature-it is 500 
**- soiidus temperature-50 ** more preferably! G **for uniformity as time excelsit is 
betterbut it thinks from an economical field and about 3 to 6 hours is preferred. 
[0036] Manufacture of the negative electrode from the negative-electrode metallic 
material for lithium ion secondary batteries of this invention can be given to the 
contractor concerned by the well-known method. For exampleif requiredin an 
inert atmospherewill grind and disintegration of the intermetailic compound of this 
invention will be carried outAfter mixing the obtained powder with binderssuch as 
PVDFPMMAand PTFEand dissolving a binder by NMPDMFetc.if requiredit will 
fully stir using a homogenizera glass beadetc.and will be considered as paste 
state. This paste is applied to base materialssuch as rolled copper foil and 
copper foil which electrolyzed the surfaceand after dryinga negative electrode 
can be manufactured by giving a press, 

[0037]As for the weight ratio of the binder to mixabout 5 to 10 % of the weight is 
preferred from the mechanical strength of a negative electrodeor a viewpoint of 
an electrode characteristic. A base material in particular may not be limited to 
copper foileitherand thingssuch as thin foilsuch as copperstainless steeland 
nickela sheet of net shapeand a punching platemay be sufficient as it. 
[0038]A powdered maximum droplet size will govern the thickness of an 
electrode when manufacturing such a negative electrode. The thickness of an 
electrode is so good that it is thinand can enlarge the gross area of the battery 
active material contained in a cell. As for powderit is more preferred than this that 
it is below 100 mum. If powder is finea reaction surface product increases and it 
can contribute to a rate characteristic improvementbut on the other handif too 
finethe description on the surface of powder will change by oxidation etc. a lithium 
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ion becomes difficult to invadetherefore it has an adverse effect on a rate 
characteristiccharge and discharge efficiencyetc. thereforethe particle diameter 
of desirable powder— 5-100 mum - it is 10-55 micrometers more preferably. 
[0039]The intermetallic compound of this invention is what is used for the 
negative electrode for lithium ion secondary batteriesThere is no restriction in 
particular in the shape of the lithium ion secondary batteryetoa volume ceil type 
and a square shape are begunand a coin type and a sheet type eel! are also 
availableand if it is a cell of composition so that a negative electrodean anodea 
separatoran electrolysis solutionand an electrolyte may be included as basic 
structureif can be used satisfactorily. 

[0040] By the wayalthough the intermetallic compound concerning this invention 
can be suitably combined with positive active material and an organic solvent 
system electrolyte and can be usedsuch organic solvent system electrolytes or 
positive active material will not restrict in particular thisif it can usually use for a 
lithium ion secondary battery. 

[0041] As positive active materiaiit is lithium containing transition metal oxide 
LiM(1) M[ i-x] (2) xOa (among a formuia)for example. X is a numerical value of the 
range of 0<=X<=1and M in a formula (1) and M (2) express a transition 
metalBaConickelMnCrTiVFeZnaluminuminit consists of at least one kind of 
SnScand Y ~ or LiM(1) M[ 2y] (2) y 0 4 (among a formula) Y is a numerical value of 
the range of 0<=Y<=1and M in a formula (1) and M (2) express a transition 
metalBaConickelMnCrTiVFeZnaluminuminit consists of at least one sort of 
SnScand Y - a transition metal chalcogen ghost. Vanadium oxide (V 6 0i 3 V 2O5) 
Conjugated system polymer and Chevrel phase compound using Vat^VaOsetc. 
and its Li compounda niobium oxidation thing and its Li compoundand an organic 
conductive substance or activated carbonan activated carbon fi hereto can be 
used. 

[0042] Production of an anode can also be performed to a person skilled in the art 
by the well-known method. Although binderssuch as PVDF and PTFEare used 
as well as a negative electrodessnce a positive pole substance does not have 
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conductivity it throws in solventssuch as NMPa thing with the conductivity of 
acetylene blackKetchen blacketc.mixingand after thatand makes them paste 
state. It can be pasted up on the base material of electrode active materiaissuch 
as aluminum foilby doctor blade methodthe roil molding methodetc.and it can be 
considered as an electrode by pressing. 

[0043]As an organic solvent in an organic solvent system electrolyte Although not 
restricted in particularfor example Propylene carbonateEthyiene carbonateethyl 
methyl carbonatedimethyl carbonateDiethyl carbonatemethyl pro pinnatemethyl 
acetatemethyl formate 12 - dimethoxyethane and 12 - diethoxyethanegamma- 
butyilactam13 - dioxolane and 4-methyl- 13 - dioxoianean anisoleNN - 
diformamidediethylethersulfolanemethyi 

suifolaneAcetonitrilechioronitrilpropionitriletrimethyl borateSilicic acid 
tetramethylnitromethanedimethylformamideN-methyl pyrrolidoneEthyl 
acetatemethyl acetatemethyl formatetrimethyl alt.formateNitrobenzenea benzoyl 
chioridebenzoyi bromidetetrahydrothiopheneThe compound containing aromatic 
ringssuch as a tetrahydrofuran2-methyltetrahydrofurandimethyl sulfoxideethylene 
glycola thiopheneand pyridinecan be independentor two or more kinds of mixed 
solvents can be used. 

[0044] Each what are more publicly known than before as an electrolyte can be 
usedFor exampleLiCiCULiBF^iPFeUAsFeLiB 

(C6H5)LiCF 3 S03LiCH3S03Li(CF3S02) 2NA kind or two sorts or more of mixtures 
can be used among lithium saltsuch as LiC4F9S03Li(CF2S02) sLiCILiBrand Lil. 
[0045]On the other handa separator plays a role of an insulator installed between 
the above-mentioned anode and negative electrode. In additionsince it 
contributes also to maintenance of an electrolysis solution greatlyporous 
bodiessuch as poiypropylenepolyethylene or the both mixed cloth and a glass 
filterare used. Use of a solid eiectrolytea polymer electrolyteetc. is also possible. 
[0046] 

[ExamplejNextan example shows the concrete operation effect of this invention. 
Hereafterunless if describes in particuiar% of the weighfis expressed" 0 /©." 
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Firstsevera! sorts of alloys were produced as the alloy and comparative example 
of the presentation included in this invention. The presentation of the alloy was 
shown in Table 1 and 2. 

[0047]After sample production produced the alloy for the predetermined 
ingredient using the atomizing methodit used the sieve for 53-15 micrometersand 
classified the obtained powder in them, It hits producing a sample and is the 
degree of ******. (temperature held by a perfect molten state) It unified by iiquidus 
temperature+200 **. Heat treatment temperature was unified into sotidus 
temperature-50 ** temperature. 

[0048]Nextin order to see the influence of a processthe solution process other 
than the three methods of a single chill roll method and a rotational electrode 
process was usually used as a comparative example as sample adjustment by 
the gas atomizing method and a chill roll method as a representative of an 
atomizing methodand sample production was performed. 
[0049]After the chill roll method and the rotational electrode process ground the 
obtained powder or ribbon base ingot by impact crushingthey used the sieve for 
the particle size of 53-15 micrometersand classified the obtained powder in it. 
[0050]The mold which can be estimated if the distance between the secondary 
arms of the dendrite of the ingot obtained by the thing which were performed as a 
comparative exampieand for which a solution process usually casts an 
alum in urn -4% Cu alloy is measured and it has a cooling rate at 30 **/sec is 
usedThe grinding classification was performed for the ingot like production and 
the above-mentioned ingot by slushing into this mold from a molten metal state. 
In each dissolving methodthe degree of ****** and heat treatment temperature 
were perform edas shown in Table 3. Each iiquidus temperature was 
FeSh 7=1290 **FeSi 2 =1212 **NiSh. 7 -1055 "and NiSi 2 =1135 **. The time of heat 
treatment was unified in 10 hours. 

[0051]Finallyin order to see the influence of heat treatmentthe sample adjustment 
by the gas atomizing method and a chill roll method adjusted heat treatment 
temperature to each sample usually produced using a solution process as a 
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single chill roil method and a comparative example like the above. The result is 
shown in Table 4. 

[0052]it heat-treated also to the powder produced by the mechanical alloying 
method. Each solidus temperature was FeSh.7=982 **FeSfe=937 "NiSiuand 
NiSi2-966 **. The time of heat treatment was unified like the above in 10 hours, 
[OOSSJThe result of having performed identification of the generation phase using 
the powder X diffraction is shown in Table 5. in a actual manufacturing 
processphases other than AB equality AB2 may deposit by the variation in 
unavoidable manufacturing conditions by the grade which does not interfere. In 
the example of this inventionwhen what has the highest intensity among the 
peaks originating in compounds other than AB? phase was less than 5% of value 
of what has the highest intensity among the peaks originating in the compound of 
AB 2 phasett was dealt with as AB 2 phase single phase. According to thiswith a 
solution processalso with the presentation of AB2 usually AB phaseAB2 
phaseWhen each sample produced with the atomizing methodthe chill roll 
methodand the rotational electrode process heat-treated to the B phase having 
deposited and polyphase separation having taken piacephase separation was 
not carried outhowever when heat treatment temperature was the temperature of 
solidus temperature-more than 10 **the re-deposit took placeand the thing of the 
presentation of A82 became a polyphase aiioy. The same effect was acquired by 
heat treatment also to the sample produced by the mechanical alloying method. 
By such a methodail the alloys can check a generation phase. 
[0054]The above test result is shown in Tables 1 -5. To be sure also from these 
resuitsit is a chemical formula. : With the compound expressed with AB*. A 
MnCoCrNbVCuFenickelWTiZrTa and Re (rare earth element) from - it being the 
element chosen from the group which changes at least one sortandlt is an 
intermetallic compound which is 1.7<«X<~2.33 among what is constituted by B's 
using Si as an essential element and the element chosen from 
CgermaniumSnPbaluminumand the group that comprises P one or more sorts 
replacing this in partUse a perfect moiten state substantially at the time of the 
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dissolutionand it dissolves and holds at the temperature between iiquidus 
temperature+500 ** from the liquidus temperature in a phase equilibrium 
diagramSubsequently after solidifying with the cooling rate more than 100 *7sec 
and cooling to the temperature below the soltdus lineit heated again and it was 
checked that what performed heat treatment heJd at the temperature not more 
than solidus-line-10 ** shows the outstanding performance. The point of 
characterization [ in / here / this example j was as follows. 
[0055]a charge and discharge test and rate characteristic examination 
(investigation of charge and service capacity) the lithium ion secondary battery 
adjusted as mentioned above -- public funds -- it adding 10% to group 
powderand as a binderpolyvinylidene ftuorideThe above-mentioned 
polyvinylidene fluoride was dissolved by adding 10% to the intermetallic 
compound powders which were able to obtain N-methyl pyrrol idone. This was 
kneaded for about 15 minutes and the uniform slurry was produced substantially. 
Electrolytic copper foil with a thickness of 30 micrometers was plastered with this 
with the doctor biade methodand the negative pole electrode was obtained by 
piercing in a size 13 mm in diameter using punch. 

[0056]Nextin order to evaluate the electrode characteristic in the single electrode 
of the above-mentioned electrodethe common-name trilateral type cell which 
used the counter electrode and used the lithium metal for the reference pole was 
used. It is referred to as less than 1 mmand the distance of an Luggin capillary 
and a negative electrode is a current density characteristic, (rate characteristic) It 
was considered that influence did not come out at the time of measurement. An 
eiectroiysis solution uses 1:1 mixed solvents of ethylene carbonate and 
dimethylethaneand is LiPF 6 (lithium hexafiuoride Lynn) in a supporting electrolyte. 
It used and 1 mol dissolved to the eiectroiysis solution. Measurement was 
performed at 25 **and atmosphere like a glove box could be maintained by the 
inert atmosphereand it carried out on the conditions as [ whose dew point of the 
atmosphere is about -70 ** j. 

[00' 7]<C-! at |ii u c-i i «tv 1 d sei /ice capacity measurement The quality 
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assessment as a negative pole materia! for iithium secondary batteries was 
performed using the above-mentioned trilateral type cell. By first 1 / 10C charge 
(conditions which become a full charge In 10 hours) It is a working pole to a 
reference pole, (negative electrode) It charges until potential is set to OVand it is 
the same current value, (with 1/1 0C) It went discharge to 1.5 V. The charging 
capacity of 1 cycle eye at this time and service capacity were evaluated as an 
initial capacity value. The service capacity obtained by this evaluation considered 
more than 850 mAh/cc as success. 

[0058]< coulomb efficiency (charge and discharge efficiency) Examination > 
Coulomb efficiency was searched for using the value of 1 cycle eye with the 
above-mentioned charge and service capacity- 
Coulomb efficiency - (service capacity/charging capacity) x100 (%) Not less than 
90% of coulomb efficiency was considered as success from this. 
[0059]The service capacity of 10 cycle eye evaluated by which is falling to the 
service capacity of a <cycle-iife examination> 1 cycle eye. 
Cycle life = service capacity xof service capacity / 1 cycle eye of 10 cycle eye 
100 (%) considered not less than 90% as success. 
[00603 
[Table 1-1] 

[0061] 
[Table 1-2] 



[0062] 
[Table 2] 



[0063] 
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[Table 3] 



[0064] 
[Table 4] 



[0065] 
[Table 5] 



[0066] 

[Effect of the Inventionjclear from the above explanation as - the lithium ton 
secondary battery of this invention -- public funds - if group material is usedthe 
performance of service capacity and coulomb efficiency can be maintainedand 
the lithium ion secondary battery which is further excellent in the cycle life can be 
obtained. Thereforethe lithium ion secondary battery which had the strong point 
of nickel-hydrogen cell and a nickel-Cd cell with it can be obtained. 
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